
because of inadequate genealogical doc- 
umentation: one because of nonpaternity 
(mother was the affected parent) men- 
tioned above and another because we 
could not document the reported grand- 
parental relationship. A recombinant 
found in a distant branch of family Z 
(shown at the left end of Fig. 1) was not 
included because of the complexity of 
computer entry of such a distant relative; 
she would have contributed little to the 
recombination fraction either way. 

Our results confirm linkage between 
the HD locus and the G8 probe in two 
additional families. These families, both 
with pathologically confirmed HD cases, 
differ in ethnicity, age-at-onset distribu- 
tion, presence of juvenile cases, neuro- 
logical manifestations, and presence and 
type of psychiatric disorder. Finding 
linkage to G8 in these families supports 
the hypothesis that all families with the 
HD phenotype have a mutation at the 
same chromosome-4 locus linked to G8. 
In fact, even though our estimate of the 
recombination fraction between the HD 
locus and the G8 probe is greater than 
that previously reported (6), the 95 per- 
cent confidence intervals of the two sets 
of data overlap (0 to 12 percent as com- 
pared to 0 to 6 percent). Furthermore, 
our findings suggest that phenotypic dif- 
ferences seen in the two families may be 
due either to allelic differences or to 
influences from unlinked loci. 

By means of three endonucleases that 
detect four or five polymorphic restric- 
tion sites, the proportion of family mem- 
bers who could be assigned unambigu- 
ous haplotypes increased, thus improv- 
ing the utility of the linkage analysis (18). 
This increase in the proportion of per- 
sons with unambiguous haplotype as- 
signments accounts for some of the dif- 
ference between the estimate of the re- 
combination fraction for families D and 
Z and that in the original report (6). 

If members of these two families had 
undergone genetic counseling with the 
G8 probe results, there would have been 
a 12 percent error rate in counseling . 
of genotype assignment (Table 2). This 
finding and the remaining uncertainty 
about the universality of linkage in all 
HD families (this report brings the num- 
ber of reported kindreds to only four) 
suggests that further studies are needed 
before applying G8 linkage studies to 
clinical practice. 
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Diversity of Circumsporozoite Antigen Genes from Two Strains 
of the Malarial Parasite Plasmodium knowlesi 

Abstract. The complete nucleotide sequence of the coding region of the circum- 
sporozoite antigen gene (CS gene) of the Nuri strain of the malarial parasite 
Plasmodium knowlesi is presented. The gene from the Nuri strain exhibits a novel 
form of sequence diversity when compared to the CS gene from the H strain. Instead 
of the 12 tandem repeating 36-base pair units of the H strain, the Nuri strain 
contains 16 tandem repeating 27-base pair units of a different nucleotide sequence 
that encodes a different repeating peptide. In contrast, the 5' and 3' coding and 
noncoding sequencesjanking the repeats are 98 percent conserved in both strains. 
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different nucleotide repeat unit than that 
from the H-strain gene; the 5' and 3' 
coding and noncoding sequences flank- 
ing the repeat units are the same in both 
strains. Conserved sequences flanking 
variable repeat regions have recently 
been reported for S-antigen genes from 
two isolates from P. falciparum (8). 

To isolate the Nuri strain CS gene, we 
constructed a hgtll (9) library with 
blood-form DNA randomly cleaved with 
DNase I to an average size of 1000 bp 
(Fig. 2). Using as a  robe a 1.6-kilobase - .  - 

'Present address: Departments of Microbiology and pair (kb), ~h~ ~ ~ ~ - ~ ~ ~ t ~ i ~ t i ~ ~  endonucle- Immunology, Duke University Medical Center, Dur- 
ham, North Carolina 27710 ase fragment that contained the CS gene 

The gene for the circumsporozoite 
antigen (CS gene) of the H strain of the 
simian malarial parasite Plasmodium 
knowlesi has recently been cloned and 
sequenced (1). A remarkable feature of 
this gene is the presence of 12 tandemly 
repeating 36-base pair (bp) units in the 
middle of the coding sequence. This gene 
encodes a parasite surface protein with 
approximately 40 percent of the polypep- 
tide chain consisting of a tandemly re- 
peating 12-amino acid peptide. Since 
then, a number of surface antigens from 
the sporozoite and merozoite stages of 
different malarial parasites (P.  falci- 
parum, P.  cynomolgi, and P. lophurae) 
have been cloned, and each of the sur- 
face antigen genes has been found to 
contain tandemly repeating units (2-7). 
We now present the complete nucleotide 
sequence of the CS gene of another P. 
knowlesi strain, the Nuri strain (Fig. 1). 
The gene from the Nuri strain exhibits a 

of the H strain (1) and was labeled ki th  
3 2 ~ ,  we isolated and plaque-purified 11 
positive Nuri strain clones from approxi- 
mately 120,000 plaques. A restriction- 
endonuclease cleavage map of the Nuri 
strain clones was constructed and com- 
pared with that of the H strain DNA 
(Fig. 2). The cleavage sites appeared to 
be identical for 2.5 kb in both strains. 
Four hgtll clones, hKN5, hKN6, hKN7, 
and AKN8, were used to sequence the 
Nuri strain CS gene. The nucleotide se- 
quence of the CS gene was established 
by the Sanger dideoxy chain-termination 
method (10) after the inserts were sub- 
cloned into M13 sequencing vectors (11). 

The complete nucleotide sequence and 
the deduced amino acid sequence of the 
Nuri strain CS gene is shown in Fig. 2. 
For the regions 5' and 3' to the repeating 
units, the sequence in the Nuri strain is 
98 percent identical to that in the H 
strain. The diversity of the sequence of 
repeating units, however, is striking. 
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There are 14 perfect and 2 partial repeat units are on the 3' end of the repeat 
units of 27 bp each in the Nuri strain region and none are at the 5' end (Fig. 1). 
compared to 12 repeat units of 36 bp Only one base-pair change from G to A 
each in the H strain. Both partial repeat was observed in three of the first 14 

N d ? G  A A C  * A C  T T C  A T T  C?C ? T G  G C C  G T C  T C C  T C C  A T C  C T G  C T G  G T G  C X C  T T G  C T C  C C C  * C A  6 0  
M e t  L y s  A s n  P h c  I l e  L e u  L e u  A l a  V a l  S e !  S e r  I l c  L e u  L e u  V a l  A ~ D  L e u  L e u  P r o  T h t  

N C A C  T T C  G A A  C A T  A A T  G T A  G A T  C T C  T C C  AGG G C C  A T A  A A T  G T A  A I T  GGA G T A  A G C  T T C  A A T  1 2 0  
HIS P h e  G l u  H l s  A s r  V a l  A s p  L e u  S c r  A r g  r l a  l l c  A s r  Y a l  A s n  G l y  V a l  S e r  P h e  n s r  

H C  A G  G  *** * 
N A L T  G T A  G A C  A C C  A C T  T C A  C T T  GGC GCA G L A  C A C  G T A  AGA C I A  A C T  C C T  A G C  CGA GGC AGA 1 8 0  

A s n  V a l  A s p  T h r  S e r  S e r  L e u  G l y  A l a  A l a  G l n  V a l  A r g  G l n  S c r  111 S e r  x ! g  G l y  A1 g  

H G  

N GGA C T T  G G T  G A G  A A G  C C A  A A A  C I A  GGA G C T  G A T  A A A  G A A  A A G  A A A  A A A  G A A  A A A  G A P  r A A  2 4 0  
G l y  L e u  G l y  G l u  L y r  P r o  L y s  G l u  G l y  A l a  A s p  L y s  G l u  L y r  L y s  L y r  G l u  L y s  G l u  L y s  

H [ 4  ------------ Region 1 

v 
C A I  C C A  C A A  G C A  C A G  G G T  G A T  GGA G C A  A A T  G C A  GGA C A I  C C A  C A I  G C A  C A A  GGA G A T  GGA ** * ** *** * * ** * *** ** ** *** * ** ** * 
GCA GCA GGA G C A  GGA GG G P A  C I A  C C A  G C A  GCA GGA GCA GGA GGC G A A  C I A  C C A  GCA G C A  3 6 0  
A l a  A l a  G l y  A l a  G l y  G 1  G l u  G l n  P r o  A l a  A l a  G l y  A l a  C l y  G 1  l u  G l n  P r o  A l a  A l a  

T v 
G C A  A A T  GCA GGA C A A  C C A  C A I  G C A  C A G  G G T  G A T  GGA G C A  A A T  G C A  GGA C A I  C C A  C A I  G C A  

* * *** * ** * ** * * ** ** ** * ** 
C I A  C C A  G C A  GCA GGA GCA A G A  GGC 
G l n  P r o  A l a  A l a  G l y  A l a  

v v 
C P G  G G T  G A T  GGA G C A  A A T  GCA GGA C I A  C C A  C A A  G C A  C I A  GGA G A T  GGA GCA A A T  GCA G G A  

** ** *** * ** * *  * * *** * * 
G G I  GGC C * A  C I A  C C A  GCA GCA GGA GCA GGA GGC A A  C A I  C C A  GCA G C A  GGA G C A  GGA GGC 4 8 0  
G 1  G 1  G l u  G l r  P r o  A l a  r l a  G l y  A l a  G l y  G 1  l u  G l r  P r o  A l a  A l a  G l y  11. G l y  G l y  31 * ** * *** 

T 
C I A  C C A  C A I  GCA C A G  G G T  G A T  GGA GCA A A T  GCA G G G  C I A  C C A  C I A  G C A  C A G  G G T  G A T  G G A  * * *  *** * ** ** * * ** *** ** * * *  *** * * ** 
C I A  C I A  C C A  GCA G C A  GGA GCA GGA GGC G A A  C A A  C C A  G C A  G C A  GGA G C A  GGA GG 
G l u  G l r  P r o  A l a  I l a  G l y  A l a  G l y  G l y  G l u  G l r  P r o  A l a  A l a  G l y  A l a  G l y  G 1  

v T 
GCA A A T  GCA GGA C A A  C C A  C I A  GCA C I A  GGA G A T  GGA GCA A A T  G C A  GGA C A I  C C A  C I A  G C A  * *** ** * *  *** * ** * *  * *** * 

w w 

C A A  C C A  C I A  G C A  * *  * *  *** * 

1 
GCA A I T  C I A  C C A  - * *** ** ** 
G C  GGA G A T  GGA 
A J G l y  A s p  ~ l y  - - 
X A T  A A A  C I A  

4 
. . . . . . . . .  GCA 
. . . . . . . . .  A 1 0  

. 
C A G  G G T  G A T  GGA G C C  A A T  GCA GGA C A I  C C A  * *** ** ** * *** *** * * * * 
- - - - - - - - - - - - -  

CGA C A A  GGA AGA A A C  G G G  GGA G G T  G C A  C C A  ** * * ** * 
G C A  C G A  GGA GGA A A C  GCA G G G  . . . . . . . . .  
A l a  A r g  G l y  G l y  A s n  A l a  G l y  . . . . . . . . .  

A  * 
G C T  A A A  GGA C A G  GGA C I A  A A C  A I T  C I G  G G T  
G l y  L y s  G l y  G l n  G l y  G l r  A s n  A s n  G l n  G l y  

C A I  GCA * 
- c n - G Q '  
P_rro_ 

G C A  GGA 

GCC A A T  
 la I s n  

GGA 

C  * 
G T C  
V a l  

GGA G A T  G G G  * *  ** 
r ~ r c c r m  7 2 0  
GlJ-ALa 282 

A A T  G A G  G G G  

C C A  X A T  G A A  8 0 4  
P r o  A s n  G l u  

N A A A  G T T  G I G  A A T  G A T  T I C  C I A  C A C  A A A  A T T  A G A  T C T  AGC G T T  A C C  A C C  G A G  T G G  A C T  C C A  8 6 4  
L y s  V a l  V a l  A s n  A s p  T y r  L e u  H l s  L Y S  I l e  I r g  S c r  S e r  V a l  T h r  T h r  G l u  T r p  T h r  P r o  

N T G C  I G T  G T A  A C C  T G T  GGA A A T  G G T  G T A  A G A  A T T  A G A  A G A  A A A  G G T  C A T  GCA G G T  A A T  A A A  9 2 U  
C y s  S e l  V a l  T h r  C y s  G l y  A s n  G l y  V a l  A r g  l l e  X r g  A r g  L y s  G l y  H l s  A l e  G l y  A s r  L y s  

N A A G  GCA G I G  G A C  C T T  A C T  A T G  G A T  G A C  C T T  G A G  G T G  C I A  G C T  T G T  C I A  A T G  G A T  A A G  T G C  9 8 4  
L y s  A l a  G l u  A s p  L e u  T h r  M e t  A s p  A s p  L e u  G l u  V a l  G l u  A l a  C y s  V a l  M e t  A s p  L y s  C y s  

N G C T  GGC A T A  T I T  A I C  G T T  G T G  A C T  A A T  T C A  T T I  GGC T T I  G T C  A T I  T T G  T T A  G T C  C T A  G C I  1 0 4 4  
A l a  G l y  l i e  P h e  A s n  V a l  V a l  Scr  A s n  S e r  L e u  G l y  L e u  V a l  I l c  L e u  L e u  V a l  L e u  A l a  

N T T A  T T C  A A T  T X A  
L e u  P h c  A s r  --- 

repeat units in the Nuri strain, and this 
results in a change in the coded amino 
acid from glycine to arginine. This 
change from an uncharged amino acid to 
a charged basic residue is likely to cause 
a conformational change that might lead 
to an antigenically distinct epitope for 
these three nonapeptide units compared 
to the rest of the 11 repeats. A similar 
change of a glycyl residue to an aspartyl 
residue has recently been reported in the 
repeat units of the CS protein of 
P. cynomolgi (7). In contrast, all the 
changes observed in the repeat units of 
the CS gene of the H strain are in the 
third position of the codon, which caus- 
es no change in the composition of the 
repeat peptide composition (I). One pe- 
culiar feature of the Nuri strain repeat 
units is the total lack of T residues. The 
repeat sequences of the CS genes in 
other malarial parasites also contain a 
low proportion of T residues [8 percent 
in P. falciparum (3) and the H strain of 
P. knowlesi (1) and 16 percent in P. 
cynomolgi (7)]. This is in contrast to the 
overall Plasmodium DNA that is rich in 
A and T residues (approximately 80 per- 
cent). 

The CS genes of the H and Nuri 
strains have some common features. 
Each repeat unit contains one proline 
residue and one acidic residue (a glu- 
tamyl residue and an aspartyl residue in 
the Nuri and H strain, respectively). 
There are also three glycine and three 
alanine residues in each repeat unit in 
both the strains. However, although the 
composition is similar, the sequence of 
the amino acids of the repeat peptides in 
the two strains bear no significant resem- 
blance (Fig. 3). 

In contrast to the repeating units of the 
gene, only minor nucleotide changes 
were observed in the 5' and 3' flanking 
sequences. The nucleotide (and amino 

Fig. 1. Complete nucleotide sequence of the 
coding region and the deduced amino acid 
sequence of the CS gene of the Nuri strain of 
P. knowlesi. Only the complete nucleotide 
sequence of the repeat region of the H strain 
is identified by arrows. On the 5' and 3' sides 
of the repeat region, the sequences of the H 
and Nuri strains are almost identical, and 
therefore only the mismatches in the nucleo- 
tide sequence (*) are shown for the H strain. 
Boxed regions are the Nuri repeating units; 
(V) indicates the junctions of the repeats of 
the H strain. Broken boxes represent the last 
two partial repeats of the Nuri strain. The 
base changes that occur in the 4th, loth, and 
13th of the Nuri repeat units, are shown by 
the hatched boxes. The two regions of the 
protein that are nearly identical to regions in 
the CS protein of P. falciparr~m (3) are 
marked region 1 and region 2. The clones used 
for obtaining the CS gene sequence of the 
Nuri strain are shown in Fig. 2. 
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acid) sequence from the ATG initiation 
codon of the CS gene coding region 
(nucleotide 1, Fig. 1) to the start of the 
tandem repeating units (nucleotide 291) 
is essentially identical to both strains 
with only five nucleotide changes, which 
result in two amino acid changes out of 
97 amino acids. On the carboxyl terminal 
side of the tandem repeating units, start- 
ing from base pair 754, the nucleotide 
and amino acid sequences are again al- 
most completely homologous with three 
nucleotide differences out of 300, which 
result in two amino acid changes out of 
100 amino acids. The 5' and 3' noncoding 
regions of the gene have been sequenced 
for 400 and 200 bp, respectively, and are 
nearly identical. 

Two small sections in the CS genes of 
P.  falciparum and the H strain of P.  
knowlesi are homologous (3). These sec- 
tions are also maintained in the Nuri 
strain of P.  knowlesi (Fig. 3). The diver- 
sity of the Nuri strain gene begins just 
beyond the homologous section in region 
1. The conservation of these sections in 
the Nuri strain gene supports the possi- 
bility that they encode important func- 
tions. 

The CS protein of the Nuri strain is 12 
amino acids shorter than that of the H 
strain. However, in terms of overall pro- 
tein structure, the Nuri protein contains 
the same signal sequence, the same 
charged region before the repeats, and 
the same anchor region as in the CS 
protein of the H strain. The major differ- 
ences between the proteins are the size, 
number, and composition of the peptide 
repeat units of these strains. 

Southern blot analysis indicated an 
allelic nature for the CS genes in these 
two strains. Blots of Eco RI and Aha I11 
restriction enzyme digests of genomic 
DNA from the blood form of the Nuri 
strain and the H strain showed similar 
single bands when probed with a 1.6-kb 
Aha I11 fragment containing the CS gene 
from the H-strain. The presence of a 
single band is consistent with the CS 
gene being a single gene in the Nuri 
strain, as it is in the H strain ( I ) .  

The production of a family of genes 
with a strain-specific variation in a tan- 
demly repeated internal section flanked 
by a constant region requires two molec- 
ular mechanisms. First, a single unit of 
the repeat section must be amplified; 
second, the repeat region must be able to 
behave independent of the rest of the 
gene. Whether these mechanisms oper- 
ate within the life cycle of Plasmodium, 
rather than on an evolutionary time 
scale, remains to be determined. There 
is, however, no difference between the 
CS gene copies of the merozoite and 

sporozoite DNA, but this does not rule 
out changes in other developmental 
stages such as the gametocyte or zygote. 
The precise interposition of the changed 
repeat sequence at the 5' end of the CS 
gene and the imprecise interposition at 
the 3' end (Fig. 2) probably reflect the 
underlying molecular mechanisms. 

The presence of repeating peptide 
units in all malarial surface antigens has 
given rise to speculation regarding their 
function (2, 12). We have suggested that 
they have a role in evasion of the host 
immune system by acting as an immune 
decoy protein (12). It has also been sug- 
gested that the presence of repeating 

peptide units creates an immunodomi- 
nant region (7). Repeating peptide units 
alone are clearly insufficient because 
they occur in proteins such as silk and 
collagen that are not highly immunogenic 
(13, 14). At some point in its evolution, 
the malarial parasite may have generated 
a mechanism for amplification of already 
existing immunogenic epitopes, giving 
rise to tandem repeating units. Parasites 
containing such antigens may then have 
been selected because of their ability to 
evade the immune system. 

Of all the surface antigens of the ma- 
larial parasite, the CS antigen has been 
considered a suitable candidate for a 

Fig. 2. Restriction I 
Aha Ill Xmn I 1  ~3 

I  
Bgl 11 H3 

H slrsln 

maps of genomic 
DNA containing the 
cs gene of tie H Ahe ill xml; 1 1 k 3  agl 11 H3 A h a  111 
strain (I) and the Nuri B ~ I  II 

strain of P. knowlesi. I 

The clones used for I AKNG 
A g t l l  restriction endonucle- I ---, AKN7 SenOmlC 

ase analysis and se- - AKNB clones 
quencing were ob- ' +-- 

H3 H3 
tained from a Agtll I- 

library constructed 
from a partial DNase- 

* 1 +--:; 1 DNA 

---, 
k----i 

I digest of genomic ZOO bp 

DNA from the blood 
form of the Nuri strain isolated, as described (21), from erythrocytes of rhesus monkeys 
infected with P. knowlesi. Parasite DNA (10 kg) was digested with DNase I in the presence of 
MnCl, under optimum conditions for generating 0.5- to 1.5-kb fragments (22). These were 
fractionated on a 5 to 20 percent sucrose gradient by centrifugation at 35,000 revlmin for 14 
hours (Beckman SW41 rotor). Fractions containing 0.5- to 1.5-kb fragments were pooled, and 
the DNA was precipitated. This DNA (2 kg) was methylated with Eco RI methylase and then 
ligated with Eco RI linkers. Approximately 200 ng of the linked DNA fragments were ligated to 
Agtll Eco RI arms (9), previously treated with calf intestine alkaline phosphatase, and packaged 
in vitro (Boehringer Mannheim). Recombinants (1.6 x lo6) with less than 5 percent background 
nonrecombinant plaques from Agtll were obtained with Escherichia cob strain Y1088 (23). 
Plaques (12 x lo4) were screened with 32P-labeled nick-translated Aha I11 fragment containing 
the CS gene of H strain (1) by the method of Benton and Davis (24). The arrows show the origin, 
direction, and extent of the sequences. The boxed bars indicate the repeating nucleotide 
sequences in the two strains. B represents the repeat regions; A and C represent the 5' and 3' 
sequences flanking the repeat units. 

Region 1 

5 3 1 1 / 1 1 / / / / / 1  -Repeats 
p. knowler,  5 - AAG CCA AAT GAA AAT AAG CTG AAA CAA CCG AAT GAA G C M  CC C M  GC CA A G 
H strain Lvs P r o  Arn Glu Arn Lyr Leu Lyr Gln P r o  Arn G l u k l l  Gln Pr! Gln Al: GI: E!? Ell if: 

I I I I I I I  
3861 1 

P. t a ~ c i p a r u m  5,- 4.4 ccA 444 CAT 44. GGG GAT GGT M T  ccT a T  ccATii7c - 3 ,  
Lys P r o  Lys HIS Lyr Lys Leu Lys Gln P r o  Gly Asp Gly Arn P r o  Asp P r o  Arn Ala Arn P r  

Region 2 

8 5 0  
P knowlesi 5 ' -  ACC GAG TGP, ACT CCA TGC AGT GTA ACC TGT GGA AAT GGT -3' 
H and Nuri Thr Glu Trp Thr P r o  Cyr Ser Val Thr Cyr Gly Asn Gly 
strains I l l  I I I I I I I I I  

1 1 0 7  1 1  ! / / / / / 1 / 1  
P, falciparurn 5' -  ACT GAA TGG TCC CCA TGT AGT GTA ACT TGT GGA AAT GGT - 3 '  

Thr Glu Trv Ser P r o  Cyr Ser Val Thr Cyr Gly Arn Gly 

Fig. 3. Regions of identity between the CS genes of P, knowlesi and P, fulciparum (3). The 
location of this sequence is indicated by the nucleotide numbers from Fig. 1 for the Nuri strain 
and from (1) and (3) for the H strain of P. knowlesi and P, fulciparum, respectively. In the case 
of region 2, the nucleotide sequence for P. knowlesi is identical in the H strain and the Nuri 
strain. The nucleotide numbers at the start of region 2 are 1167 for the H strain (1) and 850 for 
the Nuri strain; only the latter number is shown. The matching amino acids are shown by 
vertical lines. The boxed sequences indicate the repeat units. 
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vaccine (15) because of the strain inde- 
pendence of the CS proteins. Extensive 
cross-reactivity has been observed be- 
tween the CS proteins from different 
strains of P. cynomolgi (16), P. vivax 
(13,  and P. falciparum (17). In the case 
of P ,  knowlesi, only two strains (H and P 
strains) have been tested, and they 
showed weak cross-reactivity (15). Since 
the repeating units constitute the immu- 
nogenic epitope, recent emphasis has 
been on making protective antigens by 
means of synthetic peptide units coupled 
to a carrier molecule (18). In view of the 
extreme differences in the repeating pep- 
tide units in the two P, knowlesi strains, 
the utility of such synthetic protective 
antigens may be limited. Indeed, the CS 
protein of the Nuri strain does not cross- 
react with the antibody to the repeat 
region of the H strain CS protein (19). 
Recent reports (7, 20) have indicated 
possible diverse repeating units and 
serological antigenic diversity between 
the CS proteins of different strains of 
another simian malarial parasite, P. cy- 
nomolgi. It remains to be determined 
whether such differences occur in the CS 
proteins of different strains of human 
malarial parasites. 
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Selective Attention Gates Visual 
Processing in the Extrastriate Cortex 

Abstract. Single cells were recorded in the visual cortex of monkeys trained to 
attend to stimuli at one location in the visual Jield and ignore stimuli at another. 
When both locations were within the receptivejield of a cell in prestriate area V4 or 
the inferior temporal cortex, the response to the unattended stimulus was dramati- 
cally reduced. Cells in the striate cortex were unaffected by attention. Thejiltering of 
irrelevant information from the receptiveJields of extrastriate neurons may underlie 
the ability to identzfi and remember the properties of a particular object out of the 
many that may be represented on the retina. 
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ROBERT DESIMONE 
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Bethesda, Maryland 20205 

Our retinas are constantly stimulated 
by a welter of shapes, colors, and tex- 
tures. Since we are aware of only a small 
amount of this information at any one 
moment, most of it must be filtered out 
centrally. This filtering cannot easily be 
explained by the known properties of the 
visual system. In primates, the visual 
recognition of objects depends on the 
transmission of information from the 
striate cortex (Vl) through prestriate ar- 
eas into the inferior temporal (IT) cortex 
(I). At each successive stage along this 
pathway there is an increase in the size 
of the receptive fields; that is, neurons 
respond to stimuli throughout an increas- 
ingly large portion of the visual field. 
Within these large receptive fields will 

typically fall several different stimuli. 
Thus, paradoxically, more rather than 
less information appears to be processed 
by single neurons at each successive 
stage. How, then, does the visual system 
limit processing of unwanted stimuli? 
The results of our recording experiments 
on single neurons in the visual cortex of 
trained monkeys indicate that unwanted 
information is filtered from the receptive 
fields of neurons in the extrastriate cor- 
tex as a result of selective attention. 

The general strategy of the experiment 
was as follows. After isolating a cell, we 
first determined its receptive field while 
the monkey fixated on a small target. On 
the basis of the cell's response to bars of 
various colors, orientations, and sizes, 
we determined which stimuli were effec- 
tive in driving the cell and which were 
ineffective. Effective stimuli were then 
presented at one location in the receptive 
field concurrently with ineffective stimu- 
li at a second location. The monkey was 
trained on a task that required it to 

Effective sensory 
stimulus n Ine;{~;;~;z sensory 

Fig. 1. Effect of selective attention on the 
responses of a neuron in prestriate area V4. 

A Both stimuli inside RF (A) Responses when the monkey attended to 
-+-Fixation one location inside the receptive field (RF) 

r----------7 ' - - - - - - - - - ?  /-RF and ignored another. At the attended location 
(circled), two stimuli (sample and test) were ' -  2 L-_.. - ---i 

! 
presented sequentially and the monkey re- 
sponded differently depending on whether 
they were the same or different. Irrelevant 

S - stimuli were presented simultaneously with 
8 - .  

. . I .  I . . . the sample and test but at a separate location 
, . . . ,  . I , , , .  / , % .  

r o o  msec in the receptive field. In the initial mapping of 

B One stimulus inside RF, one stimulus outside 
the receptive field, the cell responded well to 
horizontal and vertical red bars placed any- 

r-----------, 
where in the receptive field but not at all to ' '--------? 
green bars of any orientation. Horizontal or 
vertical red bars (effective sensory stimuli) 

L - -.----- J - - - - - - - . - - A  nk 1- were then placed at  one location in the field 
and horizontal or vertical green bars (ineffec- 
tive stimuli) at another. The responses shown 

- S ,  - T are to. horizontal red and vertical bars but are 
- .  - ,  , , , , , , , , , , , :i . , representative of the responses to the other 

stimulus pairings. When the animal attended 
to the location of the effective stimulus at the time of presentation of either the sample ( S )  or the 
test (T), the cell gave a good response (left), but when the animal attended to the location of the 
ineffective stimulus, the cell gave almost no response (right), even though the effective stimulus 
was present in its receptive field. Thus the responses of the cell were determined by the 
attended stimulus. Because of the random delay between the sample and test stimulus 
presentations, the rasters were synchronized separately at  the onsets of the sample and test 
stimuli (indicated by the vertical dashed lines). (B) Same stimuli as in (A), but the ineffective 
stimulus was placed outside the receptive field. The neuron responded similarly to the effective 
sensory stimulus, regardless of which location was attended. 
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